Objective. To compare low-value health service use among commercially insured and Medicare populations and explore the influence of payer type on the provision of low-value care. Data Sources. 2009-2011 national Medicare and commercial insurance administrative data. Design. We created claims-based algorithms to measure seven Choosing Wisely-identified low-value services and examined the correlation between commercial and Medicare overuse overall and at the regional level. Regression models explored associations between overuse and regional characteristics. Methods. We created measures of early imaging for back pain, vitamin D screening, cervical cancer screening over age 65, prescription opioid use for migraines, cardiac testing in asymptomatic patients, short-interval repeat bone densitometry (DXA), preoperative cardiac testing for low-risk surgery, and a composite of these. Principal Findings. Prevalence of four services was similar across the insurancedefined groups. Regional correlation between Medicare and commercial overuse was high (correlation coefficient = 0.540-0.905) for all measures. In both groups, similar region-level factors were associated with low-value care provision, especially total Medicare spending and ratio of specialists to primary care physicians. Conclusions. Low-value care appears driven by factors unrelated to payer type or anticipated reimbursement. These findings suggest the influence of local practice patterns on care without meaningful discrimination by payer type. Key Words. Low-value care, overuse, waste, regional variation Health care spending varies broadly across regions of the United States, but it results in few differences in outcomes (survival, function), patient satisfaction, physician satisfaction, or access to care (Fisher et al.
Researchers estimate 30 percent of U.S. health care spending is wasted (Smith et al. 2013) . Addressing this concerning waste, the Choosing Wisely initiative was launched by the American Board of Internal Medicine (ABIM) Foundation in 2012 to identify low-value services, improve health care quality, and reduce overuse. Through the Choosing Wisely campaign, physician societies have begun to identify and revise lists of specialty-specific, low-value services whose avoidance would increase the quality and value of care provided (American Board of Internal Medicine 2015). The next essential step in reducing health services overuse is leveraging these lists to develop interventions effective in reducing low-value services.
An exploration of regional patterns of Choosing Wisely-identified lowvalue care among Medicare beneficiaries has advanced our understanding of health care variation. This work has demonstrated regional differences not simply in overall health care intensity and spending but in low-value services specifically, bringing us closer to understanding waste and its causes (Fisher et al. 2003a; Baicker et al. 2004; Schwartz et al. 2014; Colla et al. 2015) . Nonetheless, determinants of low-value care provision remain incompletely understood.
In addition to practice patterns and population factors, differences in insurance design could substantially influence the provision of low-value health care. In Medicare, reimbursement rates are set by the federal government and applied uniformly (for the same procedure) with geographic adjustments to capture local cost differences. In contrast, commercial insurers negotiate prices directly with providers, allowing for substantially more variability in reimbursements, and typically higher reimbursement rates than Medicare (Medicare Payment Advisory Commission 2011). For most providers and services, profit margins for delivering care to commercially insured patients are higher and thus incentives to recommend services stronger, all else (such as need) being equal. By examining geographic variation in low-value care through the lens of these two distinct payment mechanisms, we can explore the relative influence of reimbursement and underlying practice patterns on region-level low-value care provision.
In this study, we explored the association between payer type and provision of seven Choosing Wisely-identified low-value services. We employed aggregated, multiple commercial payers' claims data from the Health Care Cost Institute (HCCI) as well as Medicare administrative data to examine prevalence and correlates of this low-value care at the national and Hospital Referral Region (HRR) level for both Medicare and commercially insured populations (The Dartmouth Atlas of Health Care 2012). We hypothesized overuse may be more prevalent in the older Medicare population as this group has more frequent contact with the health care system, but higher reimbursement rates in the commercial population may have the opposite effect.
METHODS
We compared the prevalence of seven Choosing Wisely services between Medicare and commercially insured populations and examined correlations between the two populations for significance. We used standardized z-scores for these services to create a composite measure of overuse across services for the commercial and Medicare populations. We then used multivariate regression analysis to study the association between overuse and HRR-level covariates separately within each database, as we have performed in prior research (Colla et al. 2015) .
Medicare and Commercial Claims Data
We used 100 percent Medicare administrative claims data (2009) (2010) (2011) to determine the prevalence of low-value services in the Medicare population. We limited our analysis to fee-for-service beneficiaries enrolled in Medicare Parts A and B (inpatient and outpatient insurance). We also required enrollment in Medicare Part D (prescription insurance) for two measures of Choosing Wisely services related to prescription drugs; analyses employing Part D data were limited to a 40 percent random sample. Commercial insurance claims data were obtained from the Health Care Cost Institute (HCCI) for 2009-2011. This dataset includes nationally representative commercial data from three of the nation's largest insurers: Aetna, Humana, and UnitedHealthcare. Commercial claims data gathered by HCCI represent the health care activity of more than 50 million individuals per year. Medicare and commercially insured patients were assigned to Dartmouth Atlas hospital referral regions (HRRs) using residential ZIP code.
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Choosing Wisely Measurement
We developed claims-based algorithms for seven services, representing 25 Choosing Wisely recommendations (due to common services on multiple specialty society lists) employing previously published methodology (Colla et al. (2015) (see Tables S1, S2 ). We used the same definitions to define the HCCI and Medicare cohorts. Differences in available data between the Medicare and HCCI cohorts permitted examination of just 7 of the 11 measures previously studied. Measures include early imaging for back pain, vitamin D screening for low-risk patients, cervical cancer screening for patients over age 65, prescription opioid use for migraines, cardiac testing in asymptomatic patients, short-interval dual-energy X-ray absorptiometry (bone density) testing, preoperative cardiac testing in low-risk patients preceding low-risk (noncardiac) surgery, and a composite of these.
Area-Level Variables
Using the methodology in Colla et al. (2015) , we employed HRR-level covariates in an exploratory regression analysis. These measures included Medicare price-, age-, sex-, race-adjusted per-beneficiary health care spending (a measure of health services use intensity); physician group concentration (a measure of market competition); the ratio of specialists to primary care physicians; a quality of care score (based on effective care measures in the Medicare population); age-, sex-, and race-adjusted mortality rate; the percent of adults reporting fair or poor health; the percent of Medicare beneficiaries of black race; the percent of Medicare beneficiaries of Hispanic ethnicity; the percent of HRR residents living in a rural area; and the percent of residents below 150 percent of the federal poverty level. The quality of care score is generated by the Dartmouth Atlas and includes five effective care services (beta-blockers among heart attack survivors, mammography among women aged 67-69, glycosylated hemoglobin monitoring among diabetics, and retinal examinations among diabetics); details are available on the Dartmouth Atlas website (The Dartmouth Atlas of Health Care 1999).
Statistical Analysis
For each insurance cohort, we calculated an average annual prevalence of each Choosing Wisely service in the at-risk population, both nationally and at the HRR level. We calculated interquartile range (IQR) across HRRs. We constructed an overall composite measure of low-value care for each HRR, equal to the average of the z-scores for the seven measures (Colla et al. 2015) . The Cronbach's alpha for the resulting composite measure is 0.23 for Medicare patients and 0.49 for commercially insured patients, suggesting weak agreement across the seven measures. We examined geographic variation by dividing HRRs into quintiles of performance on the composite measure and mapping the results, aggregating all years of our data for greater statistical stability (Figures 1 and 2 ). We used ordinary least squares regression to determine the association of HRR-level characteristics with the composite low-value care scores (N = 306 HRRs). Statistical analyses were performed using SAS (Cary, NC, USA) and STATA 13 (College Station, TX, USA) software. The study was approved by the institutional review boards at Dartmouth College and the Harvard T.H. Chan School of Public Health.
RESULTS
Across payer types, use of low-value care varied little for nearly all measures (Table 1 and Figure 3 ). Cardiac screening in low-risk, asymptomatic patients Figure 1 : Geographic Variation-Commercial was statistically equivalent between the two cohorts (p = .22; IQR for Medicare: 9.1-12.5 percent, commercial: 6.2-15.9 percent), but the commercial group had a much larger population potentially affected (in part because the measure definition excluded patients over age 80 from the low-risk pool). Three measures were statistically different but clinically similar across both populations: short-interval dual-energy X-ray absorptiometry (DXA) use (p =< .0001; IQR for Medicare: 5.5-10.3 percent, commercial 3.4-12.4 percent), use of opioids in migraine patients (p = .007; IQR for Medicare: 18.8-29.9 percent, commercial: 17.4-35.9 percent), and cervical cancer screening over age 65 (p =< .0001; IQR for Medicare: 6.9-9.6 percent, commercial: 5.0-13.4 percent). Vitamin D screening was slightly more common in the Medicare than commercial population (p =< .0001, IQR for Medicare: 8.8-16.1 percent, commercial: 3.9-13.3 percent). Two services had a larger difference across insurance populations than others: back pain imaging was more common among the commercially insured (p =< .0001; IQR for Medicare: Notes. Hospital Referral Region (HRR)-level analysis provides statistically stable denominator populations for our estimates of service use prevalence. However, aggregating at this level likely obscures differences among health care providers within an HRR. The above maps reflect the different available years of data between the two datasets. Only years 2009-2011 were used in analysis, but the full spread of available data is used here to reduce the presence of unpopulated HRRs. This analysis builds on our earlier work in the Medicare population to define and measure overuse of Choosing Wisely low-value services. Two considerations are important when comparing the two analyses, however. First, to compare the Medicare and commercially insured populations, we removed four services from our claims-based Choosing Wisely analysis because commercial data were unavailable or the services were not applicable for those under 65 (Colla et al. 2015) . Second, while our initial Medicare analysis used claims data from 2006 to 2011, comparable commercial data for this study were only available from 2009 to 2011. These differences could explain the difference in significance of some Medicare variables in the multivariate regression from our original analyses to this study. densitometry was slightly higher in the Medicare versus commercial population (9 percent vs. 8 percent, respectively) with a correlation between the groups of 0.80. Vitamin D screening, while higher in the Medicare population (13 percent vs. 8 percent in commercial), had the highest correlation between insurance cohorts (0.90). For most measures, the prevalence of each low-value service was relatively constant over time. However, vitamin D screening increased substantially from 2009 to 2011, from 10 to 16 percent in the Medicare population and from 5 to 10 percent in the commercial group. The only measure of overuse that fell during the study period was cervical cancer screening in those aged 65 and older, declining from 9 to 8 percent in Medicare and 11 to 7 percent in the commercial group from 2009 to 2011.
Some HRR-level health system characteristics were associated with provision of the seven low-value services and the composite measure in both the commercial and Medicare cohorts (Table 2) , but most associations, while statistically significant, were relatively weak. The strongest association was observed for higher specialist to primary care physician ratio À0.03 to À0.00]). The mortality rate, the percent Hispanic ethnicity, and the percent living in rural areas were unrelated to overuse. Notes. The dependent variable in this linear regression is an aggregate composite of overuse created by calculating the mean of the z-scores for each of the seven services. "Adjusted Medicare reimbursement" is the total, average, annual age-, sex-, race-and priceadjusted reimbursement per beneficiary in thousands of dollars (The Dartmouth Atlas of Health Care 2017). "Physician group concentration" is the Herfindahl-Hirschman Index of allowed Medicare charges to physician groups (the mean of the square of each provider tax identification number's allowed charges divided by total allowed charges within a given HRR) (CMS Research Data Assistance Center 2016). "Specialist/primary care ratio" is the ratio of specialists per 100,000 residents to primary care physicians per 100,000 residents (The Dartmouth Atlas of Health Care 2017). "Quality score" is a composite of the standardized rates for the following measures: beneficiaries filling at least one prescription for beta-blockers within 6 months of a heart attack: the percent of female beneficiaries aged 67-69 who received mammography every two years; the percent of diabetics who received appropriate hemoglobin monitoring; and the percent of diabetics who received appropriate eye examinations (The Dartmouth Atlas of Health Care 2012). "Mortality rate" is age-sex-, and race-adjusted mortality per 1,000 Medicare enrollees (The Dartmouth Atlas of Health Care 2017). "Percent with poor or fair health" is the percent of adults that reported fair or poor health in the region (Centers for Disease Control and Prevention 2017). "Percent black" is the percent of Medicare beneficiaries identified as black (RTI International 2010) . "Percent Hispanic" is the percent of Medicare beneficiaries identified as Hispanic (RTI International 2010). "Percent rural" is the percent of residents in rural areas (U.S. Census Bureau 2010b). "Poverty rate" is the percent of residents in the region below 150 percent of the federal poverty limit (U.S. Census Bureau 2010a). *p < .05, **p < .01, ***p < .001.
DISCUSSION
We find a high correlation between overuse in the Medicare and commercially insured populations across HRRs (ranging from 0.54 to 0.90). The tendency to deliver or avoid low-value care appears largely independent of payer type (Medicare or commercial) and patient population attributes. The finding that patients with commercial insurance do not have higher rates of overuse suggests either the presumed difference in anticipated reimbursement (and in turn profit margins) is unimportant to providers or that providers are unable (or unwilling) to discriminate by payer type at the point of care. Our exploratory regression results indicate common HRR-level factors associated with overuse across payer-type defined populations. Variation across HRRs appears primarily associated with market factors; this appears to be a place effect spanning HRRs, leaving open the possibility for multiple health system effects as well. The HRR specialist to primary care physician ratio is significantly and positively associated with overuse. Higher overall Medicare spending is also positively associated with overuse regardless of the payer. Some HRRs may deliver more overuse due to higher physician group competition, either as a direct result of competition (wherein providers offer larger numbers of services to gain market share) or an indirect result (more competition results in more fragmentation, and in turn, redundant service use). For the majority of the low-value services, use remained relatively consistent over time. However, over our study period, vitamin D screening increased substantially. This may be the result of increased public awareness and promotion of vitamin D deficiency as a medical concern (Holick 2007; Holick and Chen 2008) . Additionally, use of cervical cancer screening in the over 65 population decreased substantially; in 2012, the USPSTF formally categorized the test in the over 65 population as a grade "D" service ("There is moderate or high certainty that the service has no net benefit or that the harms outweigh the benefits.") (US Preventive Services Task Force 2012).
Some low-value services demonstrated larger differences across payer groups. We observed greater differences in preoperative cardiac testing (Medicare 45.9 percent; commercial 26.1 percent) and back pain imaging (Medicare 22.6 percent; commercial 28.8 percent) between the two populations than for other low-value services. Differences in preoperative cardiac testing may reflect differences between the payer group populations; the risk of cardiac conditions increases with advancing age. This likely results in higher levels of uncertainty and concern for meaningful missed diagnoses among older patients, prompting more testing. Higher rates of back pain imaging in the commercial population do not align as clearly with clinical expectations; the prevalence of this service use varies more at the HRR level among the commercially insured (compared to the Medicare population), suggesting a greater role for practice patterns and system-level influences for this potentially high-margin imaging service (Srinivas, Deyo, and Berger 2012) .
Two study results in particular raise questions and concerns. Prescription of opioids for migraine patients is similar in both populations (Medicare 24.5 percent; commercial 26.1 percent), but it has a much higher prevalence than other Choosing Wisely-identified services. These patterns parallel national trends, but use of opioids in our study period may not reflect more recent care patterns and slight declines in prescription opioid use responsive to growing concern over opioid overuse (Bao et al. 2016; Patrick et al. 2016) . The observed positive association between black race and receipt of low-value care is also concerning, especially in light of literature associating black race with lower achievement of effective care (Nelson, Smedley, and Stith 2002; Kressin and Groeneveld 2015) . This suggests a potential for double jeopardy in health services receipt among black Americans; the topic warrants in-depth exploration. This is the first study to quantify low-value service differences between Medicare and commercially insured populations nationally. Using both Medicare and commercial data sources, we are not only able to determine low-value service use within each payer population but also the association between service use across payer-type defined populations. The similar prevalence of overuse nationally of each service, comparable patterns of regional variation, and high correlation within HRRs between the two populations suggest a place or health system effect, and little influence of payer differences, driving, or deterring overuse. Previous work compared low-value care among Medicaid and commercially insured populations at the state level (Charlesworth et al. 2016) and similarly found no consistent association between insurance type and provision of low-value care. Work by others (Arora and True 2012; Chen et al. 2014 ) also suggests local norms of care may develop through training and peer interactions, and these norms may have profound cumulative effects on the costs and quality of care from HRR to HRR. Additionally, unmeasured health system factors can have a strong impact on overuse (Keating et al. 2011; McWilliams et al. 2014) . The question remains as to how national-, regional-, and system-level efforts can effectively influence these norms and disseminate high-value norms where low-value practice patterns have developed.
The main limitation of our study is its reliance on administrative data to identify and describe use of low-value services. Claims may not provide enough information or clinical detail to precisely define and identify low-value care. Some cases we measured may not represent low-value care, although we used conservative definitions and exclusion criteria to minimize this misclassification risk. Another limitation is the range of services measured. While we included Choosing Wisely recommendations on lists from multiple specialty societies and services ordered by both specialists and primary care physicians, the range of services measured is still narrow. Use of a composite measure as an indicator of low-value care is useful to summarize a wide range of procedures across HRRs, but it is less actionable and clinically meaningful than measures for individual procedures, and the weak agreement we observed across the seven measures limits the significance of our composite measure. The use of HRRs for analysis of regional variation reflects trade-offs. HRRlevel analysis provides statistically stable denominator populations for our estimates of service use prevalence. However, aggregating at this level likely obscures differences among health care providers within an HRR. It also results in less actionable results as the pattern is attributed to a broad collection of providers. Larger datasets or the study of more common services is needed to reliably examine low-value care provision at the level of the individual system or clinician. Our time frame is short, which has implications for measures that require more observation time to appropriately identify prevalent disease or previous testing (for the back pain and bone density scan cohorts). Our time frame also predates the launch of the Choosing Wisely campaign. In such, our study does not examine the impact of this campaign but rather leverages the Choosing Wisely lists of "Five Things Physicians and Patients Should Question" to define low-value services ripe for study. If providers believed these services to be of high value prior to the Choosing Wisely Campaign, our lowvalue services label may seem unjust. We believe this scenario unlikely as the Choosing Wisely lists include many services long identified as low value by national and international groups (National Institute for Health and Care Excellence 2016; U.S. Preventive Services Task Force 2016). Our commercial data are limited in some geographic areas where the three payers have smaller market shares. Finally, we do not have data on commercial reimbursement rates or a measure of patient service request, so we cannot examine how these factors affect low-value services provision.
By comparing the prevalence and correlation of overuse between Medicare and commercially insured populations, we demonstrated the lack of association between low-value care provision and payer type, and, by proxy, reimbursement level, in a time when fee-for-service was the dominant reimbursement model. Could the payment model reforms being explored nationally influence practice patterns more than simple differences in reimbursement? Health reforms promoted through the Affordable Care Act, such as Accountable Care Organizations (ACOs), have the potential to reduce the use of low-value care by focusing on quality and cost reduction simultaneously. Private payers have similar contracts and increasingly are holding providers accountable for cost and quality, paralleling Medicare attempts to reduce low-value care. Recent private payer reforms such as the Alternative Quality Contract have begun to show some success in decreasing use of lowvalue services (Song et al. 2013) . Innovative bundled payments, such as the PROMETHEUS payment model and the Geisinger ProvenCare model, also aim to reduce costs and improve quality (de Brantes, Rosenthal, and Painter 2009; Paulus 2009 ). Continued research on interventions to reduce low-value care should emphasize potential to scale and spread. Additionally, future research should examine similar data during a time period after the implementation of the Choosing Wisely campaign to determine the campaign's effect, if any, on these baseline cross-sectional results.
Given the challenges of translating Choosing Wisely recommendations into claims-based measures or electronic health record data (Shetty et al. 2015) , global payment and shared savings approaches may represent the most promising approach to waste reduction: delegation of decisions about which services are truly low value to front-line providers. Use of system-level interventions, such as defaulting to high-value care in the electronic health record, and use of common, evidence-based protocols, can empower front-line providers to choose appropriate care (Goitein and James 2016) . Provider systems are likely better equipped than payers to identify locally acceptable versions of the Choosing Wisely recommendations and leverage culture and collaboration in addition to incentives to achieve meaningful practice changes. Emerging data on both the immediate and longer run effects of delivery system and payment reform will help inform policy makers and researchers about these theories and better target efforts to reduce low-value services.
